aBStraCt Introduction: The human papillomavirus (HPV) is the main risk factor related to cervical cancer, the third most frequent type of cancer in Brazilian women. Early identification of high-risk HPV types in the normal cervix, or cervix with premalignant lesions may help prevent the progression of these lesions to cancer. Objective: This study aimed to detect and genotype HPV in women with low-grade intraepithelial lesion (LSIL) and atypical squamous cells of undetermined significance (ASC-US). Methods: Patients were selected from files of the cytology laboratory of Fundação Alfredo da Mata (FUAM), between January 2009 and July 2011, for cytological reassessment and HPV molecular detection with genotyping. Results: Out of the100 eligible patients, 70% (70/100) participated in the study; initially, 34 of them had ASC-US and 36 had LSIL. After cytological reassessment, eight (11.4%) patients showed normal cytology; 33 (47.2%), inflammatory lesions; 22 (31.4%), ASCUS; six (8.6%), LSIL; and one (1.4%), high-grade squamous intraepithelial lesions (HSIL). HPV was detected in 28.6% (20/70) of the samples. Out of the 20 HPV-positive patients, one had normal cytology, six showed inflammatory cytology, 10 showed ASCUS, two had LSIL and one, HSIL. After genotyping, the HPV types identified were: 6, 16, 58, 61, 70, 83, 84 and 85. The most prevalent HPV type was the 58. Conclusion: The presence of high-risk HPV in women with old cervical lesions, whether they have evolved or not, indicates the need to improve patient monitoring and surveillance.
. Concerning the etiology of cervical cancer, human papillomavirus (HPV) is considered an essential, but not a sufficient risk factor for malignant transformation, as cancer is a multifactorial disease (2) .
There are no official data on the prevalence of HPV infection in Brazil. Most of the estimates come from regional studies, which although limited in scope, when considered together can provide a picture of infection by this microorganism. A systematic review study showed an overall prevalence of 13.7%-54.4% HPV infection of the cervix in Brazilian women (3, 4) . Currently, there are over 100 described HPV types, 40 of which can cause genital infections (5) . HPVs are classified according to their association with cancer. The low-risk (non-oncogenic) types, of which the most prevalent are HPVs 6 and 11, cause benign exophytic lesions (such as warts and condyloma) and low-grade intraepithelial lesions (LSIL) of the uterine cervix. The high-risk (oncogenic) types, including the most prevalent 16 and 18 HPV types, can cause high-grade intraepithelial cervical lesions (6, 7) . Many HPV infections are asymptomatic, and most of them progress to a state of spontaneous remission, becoming undetectable within two years. However, persistent infection with high-risk HPV can result in morphological changes in the ectoand endocervical epithelium, which may favor the development of precancerous lesions, and later, neoplastic lesions. These precursor changes can be detected by cytological screening or Pap smear (8) .
The use of molecular methods for deoxyribonucleic acid (DNA) detection and genotyping of HPV in cervical samples along with cytology may be an important strategy in the identification of patients predisposed to malignant processes, contributing to reduce morbidity and mortality from cervical cancer (9) . Molecular tests for HPV detection are important especially in cases of lesions that are indeterminate by cytology (squamous atypia of undetermined significance [ASC-US]), because cervical cytology has low reproducibility, with sensitivity ranging from 50% to 99%, and up to 29.7% of false-negative results (10, 11) . The aim of this study was to detect and genotype HPV among women with LSIL and ASC-US, and correlate the socioeconomic data and risk factors associated with cervical cancer with molecular detection of the pathogen.
MEthoDS

Sample collection
This cross-sectional study, held at Fundação Alfredo da Mata (FUAM) in Manaus (Amazonas, Brazil), from January 2009 to July 2011, analyzed women with positive Pap smear results for ASC-US and LSIL. Data collection was based on reports of the cervical cancer information system ([SISCOLO], Federal Health Department, Brazil) used by the cytology laboratory of FUAM. The women were contacted by telephone and invited to participate in the study. Out of the 100 invited women, 70 agreed to participate. Participants were interviewed, they provided informed consent, and were examined by the nursing staff. Cervical samples were obtained for the Pap test to evaluate lesion progression, and for the polymerase chain reaction (PCR) to detect HPV DNA. The cytology specimens were classified as normal (negative for malignancy), reactive changes, ASC-US, LSIL, high-grade squamous intraepithelial lesions (HSIL) and invasive carcinoma.
DNA extraction
A 400-µl proteolytic tris(hydroxymethyl)aminomethane (Tris) + proteinase K (TPK) buffer (Tris buffer + ethylenediaminetetraacetic acid [EDTA] [TE] {Tris HCl 50 mM + EDTA 50 mM pH = 8.0}, Tween 20% and proteinase K 10 mg/ml) was added to 400 µl of each sample, and the samples were incubated for 60 minutes at 56ºC and for 10 minutes at 95ºC in a dry bath. Then, DNA was extracted by the phenol/ chloroform method (12) , precipitated with absolute ethanol and resuspended in 50 µl of ultrapure water (pH = 7.6). Quantification of DNA was performed in a NanoDrop (Thermo Scientific) equipment to check the extraction efficiency.
PCR for HPV DNA detection
Nested-PCR was performed for HPV DNA detection. The first reaction was performed using MY09 and MY11 (13) primers, which amplify a 450-bp fragment. The reaction final volume was 25 µl, containing 5 U of Platinum Taq DNA Polymerase (Invitrogen, Brazil), 5 pmol of each primer, 2.5 µl of reaction buffer 10×, 50 mM of MgCl 2 , 10 mM of deoxyribonucleotides phosphate (dNTP), 2.5 µl of sample and water. The second reaction was performed using GP5+ and GP6+ (14) primers, which amplify a 150-bp fragment. The reaction final volume was 25 µl, containing 5 U of Platinum Taq DNA Polymerase (Invitrogen, Brazil), 5 pmol of each primer, 2.5 µl of reaction buffer 10×, 50 mM of MgCl 2 , 10 mM of dNTP, 0.5 µl of sample (product resulting from the first amplification with MY09 and MY11) and water. Both reactions obeyed the following thermocycler conditions: 95ºC for one minute, 40 cycles of 95ºC for one minute, 55ºC for one minute and 72ºC for one minute, ending with 72ºC for five minutes. In the reactions of this study, water was included as a negative control; and a previously sequenced sample, as positive control. Reactions were performed in a Veriti thermocycler (Applied Biosystems). The amplifications products were subjected to electrophoresis on agarose gel 2.0% stained with ethidium bromide (1 µg/µl), then visualized with the aid of a transilluminator, and the image was captured by a digital camera Olympus SP-500UZ.
HPV genotyping by gene sequencing
All HPV-positive samples were purified with alkaline phosphatase and Exonuclease (Exo-Sap System, GE Healthcare). The sequencing reaction was performed in a specific plate, in the Veriti thermocycler (Applied Biosystems), with final volume of 10 µl, containing 0.3 µl of BigDye (Applied Biosystems), 2 µl of buffer 5×, 5 pmol of primer (MY09, MY11, GP5+ or GP6+), 2 µl of sample and water. The reaction times and temperatures were: 96ºC for one minute, 15 cycles de 96ºC for 10 seconds, 50ºC for 15 seconds, 60ºC for 75 seconds, followed by five cycles of 96ºC for one minute, 15 cycles of 96ºC for 10 seconds, 50ºC for 15 seconds, 60ºC for 90 seconds, followed by five cycles of 96ºC for one minute, 15 cycles de 96ºC for 10 seconds, 50ºC for 15 seconds, 60ºC for 120 seconds. Precipitation of the sequencing plate was accomplished, and then the sequences were sequenced on an ABI 3130XL automated sequencer (Applied Biosystems) according to manufacturer's instructions. For genotyping, the files generated by the automated sequencer were compared with the sequences deposited in GenBank, using the BLAST program.
Data analysis
The correlation between the results obtained in Pap smear, clinical and socioeconomic data with molecular biology was established. For the quantitative variables, the mean and standard deviation (SD) were calculated. In data analysis, Pearson's chisquared test was also used. The analysis of quantitative variables was carried out by comparing the means and through Fisher's exact test. When data normality was verified, Student's t test was used. The significance level fixed in the application of the tests was 5%.
Ethics
This research was conducted in compliance with all ethical issues concerning research with human beings, and the research project was approved by the ethical research committee of FUAM.
rESuLtS
Out of the 70 women who agreed to participate in this research, 34 had ASC-US and 36 had LSIL in the first Pap smear test. The mean age of these women was 29.9 years (SD = 11.1). In the second Pap smear, some women showed a different cytological diagnosis: eight had normal (11.4%) results, 33 had inflammation (47.2%), 22 showed ASC-US (31.4%), six presented LSIL (8.6%) and one, HSIL (1.4%) ( Table 1) . Table 2 details the modifications in Pap smear diagnoses in each case.
HPV infection was found in 28.6% (20/70) of the samples, and in these samples eight different types of HPV were identified, with a predominance of HPV 58 and HPV 6 ( Figure) . It was not possible to identify HPV type in five HPV-positive samples (25%). Table 3 shows the distribution of HPV genotypes found in the second Pap smear.
In an interview conducted with patients, data on socioeconomic, clinical and sexual behavioral conditions of women, such as education status, family income, marital status, number of sexual partners, condom use, history of sexually transmitted diseases (STD), etc. were collected. When comparing these variables between infected and non-infected women, no statistically significant differences between groups were observed ( Table 4) .
DiSCuSSion
The development of cervical cancer is directly related to persistent infection of high-risk HPV, and is preceded by premalignant lesions, called squamous intraepithelial lesion (SIL), which are classified into categories (low SIL or high SIL), depending on the morphological changes of cells seen by the cytological exam. The low-grade lesions represent mainly the changes associated with active replication of HPV, and in these stages some lesions may undergo spontaneous remission. The high-grade lesions indicate cell transformation, mainly characterized by nuclear changes (lost nucleus/cytoplasm ratio, nuclear hyperchromatism, nuclear pleomorphism and chromatin architecture), and in these cases it is possible to treat and monitor patients, preventing lesions from becoming invasive (15) (16) (17) . Squamous changes of undetermined significance refer more to striking cytological abnormalities than to reactive changes, being suggestive of intraepithelial lesion, but are neither quantitatively nor qualitatively sufficient for a definitive result. For this diagnosis, the cells must present squamous differentiation, increased nuclear/cytoplasmic ratio, irregular chromatin distribution and irregular nucleus shape (18) . In this study, in most cases there was regression of abnormal cytology, with only three cases of progression from ASC-US to LSIL (two cases) and HSIL (one case). It is important to consider, however, that in this study the time between the first and the second sample collection was short (maximum of three years).
Since 1950, the screening of cervical lesions has been based only on cytology, which is a simple and inexpensive test. In this examination, it is possible to identify the likely presence of HPV by its cytopathic effect, known as koilocytosis. However, the widespread use of this technique as a method of preventing cervical cancer presents some questions, mainly related to the high rate of false- negative results (19) . There is a tendency, however, to consider that the best routine for identification and monitoring of HPV lesions to prevent cervical cancer is the combination of Pap smear with PCR, in which there is amplification of conserved regions of the viral genome and then identification of the viral type by gene sequencing of the amplified fragment, or by specific probes. PCR would therefore be important to complement the Pap smear exam, mainly to increase the efficiency of screening programs for cervical cancer prevention. In epidemiological studies, PCR is the most widely used technique (17, (20) (21) (22) .
The emergence of PCR as a method for HPV detection was extremely important because identification and implementation of efficient virological diagnostic tests were hampered by the fact that HPV cannot be grown in the laboratory from clinical specimens (as done with some other viruses), for its speciesspecific character (which limits the spread in animal models) and because immunological tests were not suitable for the detection of this virus (20, 21) . In this study, we used the technique of nested PCR to increase sensitivity of the reaction, since using only MY09/ MY11 primers, 8.6% of samples (6/70) resulted in false-negative diagnoses. The nested PCR technique, however, has the disadvantage of increasing the possibility of contamination. In order to prevent contamination, all necessary precautions were taken in all stages of the process, including the use of two negative controls in each PCR reaction. We found a 28.6% prevalence of HPV infection. Although it is a considerable value, it is not as high as other reported studies, and even studies of women with normal cytology found higher HPV rates (22) (23) (24) (25) . In our study, HPV 58 was found to be the most prevalent among infected women (25%). This viral type is classified as highrisk HPV and is closely related to HPV 16 (26, 27) . Global studies show HPV 58 as the seventh most common type in women with precursor lesions and cervical cancer, and the sixth most common type in women without alterations. However, variations in prevalence have shown significant regional differences. The highest prevalence rates of HPV 58 are in Latin American and Asian countries. High prevalence rates of this type have been found in China, Japan, Mexico, Costa Rica, Colombia and Brazil (27) (28) (29) (30) . In the Amazon region, studies of Rocha et al. (2013) and Santos et al. (2013) found a significant prevalence of HPV 58 in women by studying routine pelvic examination. Considering the fact that the Northern region of Brazil is a popular region for Japanese immigrants and that the state borders are open to immigrants from neighboring countries (Colombia and Peru, mainly), our data corroborate the information on circulating viral types in these countries.
It is important to consider that HPV 16 was found only in one sample, and HPV 18 was not detected in any of the women. These two viruses are the most prevalent in most epidemiological studies related to cervical cancer and its precursor lesions. Unlike this study, most Brazilian studies have found HPV 16 as the most prevalent, both in women without cytological abnormalities and in women with premalignant lesions and invasive cancer (22, (31) (32) (33) . However, in agreement with our work, other Brazilian studies have found low prevalence of HPV 18 (22, 34, 35) . We should point out that for viral genotyping, the method of automated DNA sequencing was used. The advantage of direct sequencing is the identification of any virus type present (unlike the methods using a pool of probes for hybridization); the main drawbacks are the difficulty of sequencing small DNA fragments, the impossibility of detecting coinfections, and the capacity of detecting only the type of higher viral load in the sample. Thus, it was not possible to identify HPV in five of 20 samples (25%), which only got positive results after the second reaction (nested PCR using GP5+/GP+ primers), whose final product is 150 bp.
During the period of the study ( January 2009 to July 2011), the sample consisted of 100 women who had Pap results of ASC-US and LSIL. All women were sought, but only 70 (70%) agreed to be reassessed. In this sample, the majority of HPV-infected women were observed to be young, unmarried, and live on low incomes; about half of them had initiated sexual activity before 16 years of age. However, no association of socioeconomic factors and sexual behavior with HPV infection was found.
The state of Amazonas was the first Brazilian state to provide the anti-HPV vaccination for all girls aged between 11 and 14 years, in 2013. On that occasion, the bivalent vaccine was chosen. In 2014, the anti-HPV vaccination officially entered the Brazilian immunization schedule. Since then the vaccine has been administered to girls around the country, and the quadrivalent vaccine has been chosen. Although these vaccines have been implemented, the discussion regarding the need for vaccine development that takes into account the genotypic diversity of circulating HPVs regionally remains.
ConCLuSion
In this study, although we found a considerable category change of cytological abnormalities in a short time, with a prevalence of the cytological regression framework, we also found a significant prevalence of HPV infection in women. The high prevalence of HPV 58 infection among infected women emphasizes the need for further studies on the genotypic variety of HPV in this Brazilian region. It also stresses the need to develop other vaccines considering the regional genotypic diversity.
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